BEITRAGE ZUR KENNTNIS DER ALLOTROPEN MODIFIKA- 
TIONEN VON SCHWEFEL. 


Il. KATALYTISCHE EINFLUSSE. 
Von C. R. PLATZMANN. 
Eingegangen am 4. September 1929. Ausgegeben am 28. Februar 1930. 


Nach den grundlegenden Arbeiten von Smith” und seinen Mitarbeitern 
wird die Einstellung des Schmelzpunktsgleichgewichts durch Schwefel- 
dioxyd verzégert und durch Ammoniak beschleunigt, eine Beobachtung, 
die durch folgende, eigene Versuche bestatigt und erweitert wurde. 

Je 25 gr. aus Schwefelkohlenstoff kristallisierten und vom Lésungs- 
mittel, durch Erwarmen im Vakuum, befreiten Schwefels wurden in zwei 
gleichen Gefrierrohren bei einer Aussenbadtemperatur von 120°, also 0.75° 
oberhalb des idealen Schmelzpunktes (119.25°) geschmolzen, wdahrend 
gleichzeitig in das eine Gefrierrohr SOz, in das andere NHs; eingeleited 
wurden. Bei vier solchen Parallelversuchen trat das Schmelzen des 
Schwefels wie folgt ein: 


Geschmolzen nach : 


Versuchs Nr. 
bei NH.-Einleiten bei SO.-Einleiten 


jh 15m gh 
1 2 3 
1 15 3 
1 15 





Bei den Versuchen Nr. 3 und 4 wurden sofort nach eingetretenem 
vélligen Schmelzen folgende Erstarrungspunkte festgestellt : 


Erstarrungspunkt 
Versuchs Nr 


bei NH,-Einleiten bei SO.-Einleiten 
| 


114.5° 118.0° 
114,7° 118.7° 








(1) Smith und Holmes, Z. physik. Chem., 42 (1903), 469 ; 54 (1906), 257; Smith, Holmes 
und Hall, ibid., 52 (1905), 602; Smith und Carson, ibid., 57 (1907), 688; 61 (1908), 200; 
77 (1911), 661; Smith und Brownlee, ibid., 61 (1908), 209, 
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Es war also bei NH;-Einwirkung in 1!/, Stunden der natiirliche Schmelz- 
punkt von 114.5° erreicht worden, wahrend SO: die Einstellung desselben 
sehr stark verzégerte. Wurde indessen weiter erhitzt, so stellte sich auch 
bei SOz-Behandlung mit der Zeit der natiirliche Schmelzpunkt ein. 

Nach den Untersuchungen von Smith soll die Senkung des Schwefel- 
schmelzpunktes darauf beruhen, dass sich amorpher, in Schwefelkohlenstoff 
unléslicher Schwefel (S,) bildet. In der Tat konnte festgestellt werden, 
dass mit dem Sinken des Erstarrungspunktes von 119.25° auf 114.5° der 
Gehalt an amorphem Schwefel (S,) proportional anstieg und beim natiir- 
lichen Schmelzpunkt von 114.5° dann etwa, in Uebereinstimmung mit Smith 
bis zu 3.6% betrug, wenn die erkaltete Schmelze nach 24 Stunden mit 
Schwefelkohlenstoff extrahiert wurde. 

Eigem Versuche ergaben: 25 gr. Schwefel wurden jeweilig bis zur 
Konstanz des natiirlichen Schmelzpunkts erhitzt. 


Extrahiert an Sp. 





'Versuchs Nr.| sofort | 6h | 16h | 22h | 24h |12 Tage 





nach dem Erkalten 





i -— | om | = 3.16% 
0.07% | — | 207% | — - 








0.31% | 1.90% | — | 3.36% | — 





Die Bestimmung: des amorphen Schwefels liefert direkt nach dem 
Erkalten der Schmelzen keine oder nur sehr geringe Mengen an S,, was 
Smith mit der éligen Form, in der §, zunadchst noch anwesend ist, erklaren 
will. 

Nach Smith ist beim natiirlichen Schmelzpunkt stets die gleiche Menge 
an amorphem Schwefel vorhanden, unabhingig davon, ob SO2 oder NH:- 
Einleiten stattfand. 

Beim Schmelzen in Luft bildet sich stets etwas SO2 und entsprechend 
verhalten sich in der Luft bezw. SOz geschmolzener Schwefel insofern 
gleich, als sie die gleichen dem jeweiligen Erstarrungspunkt proportionalen 
Mengen an §, enthalten. 

Wenn dagegen unter NH:;-Einwirkung geschmolzen wird, lasst sich, 
auch wenn bis zur Erreichung des natiirlichen Erstarrungspunktes erhitzt 
war, bei der Behandlung mit Schwefelkohlenstoff 24 Stunden nach dem 
Erkalten, so gut wie kein amorpher Schwefel feststellen, trotzdem die 
kryoskopischen Konstanten bei der mit SO. bezw. NH; behandelten 
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Schmelze im Rahmen der experimentellen Fehlergrenzen iibereinstimmen. 
Entsprechende Versuche ergaben : 


Schwefel Dipheny] gr. | Erniedrigung | K 
| 


in gr. Einzelmengen | 


1. Nach Durchleiten von SO, 





0.1223 0.706 225.1 
0.1245 0.671 210.1 
0.1364 0.712 203.5 





Mittel : 212.9 





2. Nach Durchleiten von NH; 





0.1264 0.716 220.8 
0.1390 0.736 
0.1433 0.712 


Mittel : 





Neben der anfanglichen Ueberhitzung, iiber welche in Teil I dieser 
Abhandlung berichtet wurde, besteht auch durch das Einleiten von Am- 
moniak eine Méglichkeit, die Einstellung des natiirlichen bei 114.5° liegen- 
den Gefrierpunkts zu beschleunigen, wahrend SOz das Bestreben hat den 
jeweiligen Schmelzpunkt eine Zeitlang zu fixieren. 

Die Wirkung von NH; bei Einleiten in der Hitze lasst sich durch 
nachfolgende SO2-Einwirkung wieder aufheben und umgekehrt, was Smith 
dahingehend zu erkléren versucht, dass der nach Vorbehandlung mit SO2 
gebildete S, nach dem Abschrecken erhalten bleibt, wahrend naeh Vorbe- 
handlung mit NH; der beim gleichen Gefrierpunkt in gleichter Menge 
gebildete amorphe Schwefel beim Erkalten in léslichen S, iibergeht. 

Als Beweis fiir diese Annahme fiihrt er die Wahrnehmung G6liger 
Tropfen von S, an, welche er nach dem Erkalten des SO2-Schwefels bei 
sofortigem Extrahieren mit Schwefelkohlenstoff feststellte. Eigene Ver- 
suche ergaben dagegen lediglich, dass soleher Schwefel sich nach dem 
direkten Ausgiessen in eine kalte Porzellanschale fettig anfiihlte und 
besonders fest an der Schale haftete. Seine Farbe war sattgelb. Nach 
langerem Stehen wird er heller, verliert den fettigen Griff und lést sich 
leichter von der Schale. 





C. R. Platzmann. 


Demgegeniiber fiihlte sich der NH;-Schwefel nicht fettig an, léste sich 
sofort unter Knistern von der Schale und besass eine weisslichgelbe, sehr 
helle Farbe. 


Die Unstimmigkeiten lassen sich beheben, wenn man statt des ange- 
nommenen 6ligen amorphen Schwefels die Modifikation S. von Aten” 
einfiihrt. S,. besitzt sattgelbe Farbe, ist in Schwefelkohlenstoff léslich 
und geht bald in S, iiber, der seinerseits unter NH;:-Einwirkung die Ten- 
denz besitzt, sich in léslichen S, zu verwandeln. 


Amorpher Schwefel wird selbst in festem Zustande durch Ammoniak- 
gas oder Pottaschelésung in léslichen S, verwandelt ; das Verschwinden bei 
Gegenwart dieser Stoffe findet daher seine natiirliche Erklarung. 


Es drangte sich nunmehr die Frage auf, wie sich die zur Bestimmung 
der kryoskopischen Konstante K=213 benutzten organischen Substanzen 
in katalytischer Hinsicht verhalten wiirden, ob indifferent, ob analog der 
SO2-order der NH;-Einwirkung. 


Da bei keiner derselben abnorm erscheinende kryoskopische Konstanten 
erhalten wurden, erscheint die Annahme berechtigt, dass an dem Erstar- 
rungsgemisch nichts wesentliches gedindert und der Erstarrungspunkt 
nicht durch Auftreten von Fremdmolekiilen verschoben worden ist. 


Dagegen stellte sich bei der Extraktion der erkalteten Schmelzen mit- 
tels Schwefelkohlenstoff zwecks Bestimmung von amorphem Schwefel 
heraus, dass dhnliche Unterschiede bestehen, wie sie bei Vorbehandlung 
mit SO. bezw. NH; vorhanden’sind. So z. B. ergab sich: 


Substanz Prozent Sp. in % 


Dipheny] 0.70 4.71 
a-Thiophencarbonsaure 0.34 3.49 
Pyridin 0.72 0.003 
Chinolin 0.46 0.0 
Anilin 0.50 0.02 








Es fiihren also Substanzen von indifferentem oder saurem Charakter 
wie Diphenyl oder «Thiophencarbonsiure zu Mengen von amorphem 
Schwefel wie bei der Erhitzung in Luft oder SOs, wihrend Stoffe basischen 
Charakters (Pyridin, Chinolin, Anilin) sich in ihrem Verhalten dem der 
Ammoniakwirkung anschliessen. 


(1) A. H.W. Aten, Z. physik. Chem., 81 (1912), 257; 83 (1913), 442; 86 (1913), 1; 88 
(1914), 321. 
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Zusammenfassung. 


1. Die von Smith beobachtete katalytische Wirkung von SOz und NHsz 
auf die Geschwindigkeit der Einstellung des Schmelzpunktes sowie deren 
Einfluss auf die Entstehung von amorphem Schwefel (S, ) in den erkalteten 
Schmelzen wurde nachgepriift und bestiatigt. 

2. In letzterer Hinsicht zeigten organische Substanzen indifferenten 
oder sauren Charakters Analogie mit Schwefeldioxyd, wahrend Stoffe 
basischen Charakters sich wie NHz; verhielten. 

3. In den kryoskopischen Konstanten treten diese Unterschiede nicht 
hervor, weshalb angenommen werden kann, dass sich der amorphe Schwefel 
(S, ) erst sekundér aus zundchst entstehendem S= nach Aten bildet. 


Hamburg, Deutschland. 


A VISCOSITY FORMULA FOR BINARY MIXTURES, THE 
ASSOCIATION DEGREES OF CONSTITUENTS BEING 
TAKEN INTO CONSIDERATION. V. 


By Tetsuya ISHIKAWA. 


Received December 12, 1929. Published February 28, 1930. 


Ideal Solutions of Solids in Liquids. Proposed formulas for the visco- 
sities of ideal or chemically indifferent solutions of solids in liquids are 
numerous, among which, however, one attempt only at rational treatment 
has been made by Einstein.” According to him the viscosity 7 of a suspen- 
soid increases linearly with the concentration expressed in a volume fraction 
Z, of the dispersion medium per unit volume of the solution. 


4=%o (1+2.5 Ze); 


where % is the viscosity of the pure solvent. He deduced the formula 
from the hydrodynamical equation of motion by assuming (i) the particles 
are rigid spheres, (ii) the particles are few in number and (iii) the 
particles are great in comparison with the action spheres of molecules. 
Hatschek found the constant to be 4.5 instead of 2.5, but his procedure of 
calculation is false, so that his formula is considered to have no general 
meaning.” 
A similar form of Einstein’s formula is expressed by 


4="% (1 +C2v), 





(1) A. Einstein, Ann. d. Physik, 19 (1906), 289; 34 (1911), 591 ; Kolloid-Z., 277 (1920), 137. 
(2) M. v. Smoluchowski, Kolloid-Z., 18 (1916), 194. 
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where c is a constant which depends only upon the form of particles. 

Though the above formula is theoretically interest, its validity is 
limited for very dilute solutions. 

With the object of testing that Kendall’s cube-root equation for a 
chemically indifferent binary mixture, 7 =(1—2m)73 + Zaha? (where %, 72 and 
4 are respectively the viscosities of components 1, 2 and the mixture, and 
2m is a molar fraction of component 2) has applicability to ideal solutions of 
solids in liquids, Kendall and Monroe™ carried out the viscosity measure- 
ments on solutions of naphthalene and of diphenyl in benzene and in 
toluene. The calculated values of 7%, by the formula, for either solute give 
good results for any system, those for benzene solutions are, however, 
different from the corresponding values for toluene solutions, namely, for 
naphthalene 2.25 in benzene and 1.825 in toluene, for diphenyl 3.44 in 
benzene and 2.82 in toluene. The authors pointed out that the ratio [7% on 
benzene basis]/[%2 on toluene basis] is practically identical for the two 
solutes. While this agreement is of interest, it is difficult to accept the 
cube-root formula as anything but a further interpolation formula, con- 
sidering that these solutions are undoubtedly ideal. 


Application of the Writer’s Formula to Ideal Solutions of Solids in 
Liquids. The writer has shown in the foregoing papers™ that his viscosity 
formula for a binary mixture where there form no new molecular com- 


pounds: 
km 


= + _— 
a=m+ (m—m) Keya(1—Zm) + keto 


(where a and k with suffixes 1 and 2 denote the association degrees and the 
field-constants of components 1 and 2, and other symbols have the same 
meaning as above) affords the satisfactorily concordant results with the ex- 
perimental data available in the literature. The next problem is whether 
or no the formula has validity for ideal or chemically indifferent solutions 
of solids in liquids. 

For this purpose a transformation is made as in the following: 


(1—Zm)(n—m) a kode , 
Zm(m—) kay 


For a chemically indifferent mixture pe is a constant independent of 
141 


concentration, and we have, for two arbitrarily chosen concentrations 2,» 
and 2’, and the respective viscosities 7 and 7’, 


(1) J. Kendall and K. P. Monroe, J. Am. Chem., Soc., 39 (1917), 1802. 
(2) This Bulletin, 4 (1929), 5; 4 (1929), 25; 4 (1929), 149; 4 (1929), 288. 
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A=2m\n—m)_ _ (1% mo! —m) 
Zm(™—) Zm(m—1') 


Now, consider component 1 to be the pure solvent. Component 2 
being a solid, 72 is here of course the unknown. Yet an estimation of it 
can be made as follows: 

Rewrite the above expression in the form, 


a — Zan) Log (n— m) a 


Zm(1—z/,)(n’ —m) ™m—n 


The left-hand side of the expression consists of the factors all experi- 
mentally measurable and let it be denoted by qg, then we have 


— rom 
I =qg Of met. 
™m— q—1 


The above method of calculation can be also applied for any solution in 
which no abrupt change in molecular state occurs, by taking two concen- 
trations close to each other. For the verification of the writer’s formula, 
Kendall and Monroe’s data will be adopted below. 


Table 1. 
Naphthalene in Benzene, 25°C. 


Zm-Solute Nobs- 


0.0000 0.006048 
0.0510 0.006565 
0.1121 0.007261 
0.1538 0.007707 
0.1979 0.008263 
0.2398 | 0.008764 
0.2693 0.009178 











Table 2. 
Naphthalene in Toluene, 25°C. 


Zm-Solute Nobs- 


0.0000 0.005526 
0.0419 0.005848 
0.1026 0.006394 
0.1533 0.006866 
0.2127 0.007470 
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Since the values of q in each system and also in both the systems 
happen to be a constant within the limits of experimental error, I have 
taken qg=1.027 as the mean value, with which calculated 72 for successive 
two concentrations and obtained the mean value of them to be 0.02653. 


From the 72 thus found ( a) ean be calculated for each concentration, the 
values being recorded in the fourth column in each table. The constancy 


of ( a is quite satisfactory. 
101 


(k)C,H;CH, 


from the two systems. 
(k)C,H, 


Next consider 
(ka)c.H;CH, = (k)c,H.CH, 


(ka)c,H, (kK)C.H, 


_ (ka)solute y. (ka) CH;CHs _ 0.488 1.29. 
(ka)c,H, (ka)solute 0.377 


This value is in good agreement with the already obtained value 1.23. 


Table 3. 
Dipheny] in Benzene, 25°C. 


Zm-Solute NBbs- 


0.0000 0.006051 
0.1006 0.007585 
0.1824 0.009014 
0.3638 0.01298 





Table 
Dipheny] in Toluene, 25°C. 


| 
Zm-Solute Nobs- 
| 
| 


0.0000 0.005520 
0.1398 0.007335 
0.2197 0.008587 
0.2761 0.009627 
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In these cases the concentrations measured are not so regularly chosen 
as those in the preceding solutions and the following calculations have been 
taken. 


For diphenyl] in benzene 


0.009014—0.007585 


—0.009014 + 5° _ 9 05231 
* 1.033—1 


0.01298 — 0.009014 


or =0.01298 + 
1.096—1 


= 0.05433 , 


and for dipheny] in toluene 


0.008587 — 0.007335 


= (,008587 + 
™ 1.025—1 


= 0.05867 


0.009627 — 0.008587 


or =0.009627 + 
1.025—1 


=0.05123 . 


kode 
kya 
the fourth column in each table, the constancy of which is also satisfactory. 


)caleulated from the mean value of the four, 0.05413, are shown in 


From these systems we get as above 


(ka)c,H;CH;_ (k)C,H,CH, _ 0.295 


= "9 —1,22 , 
(ka)C.H, (k) C,H, 0.242 


which is very satisfactory result. 


Quite recently, Herz and Scheliga™ made the viscosity determinations 
of the solutions of solids such as iodine, naphthalene and phenanthrene in 
benzene, toluene, carbon tetrachloride, carbon bisulphide and aceton, but 
attempted -no stoichiometrical discussion, probably because of no suitable 
formula to represent their results. 


It is interesting to see whether the calculated viscosity of the solutions 
of naphthalene in benzene and in toluene by the formula, whose empirical 
Kotte 
kya, 
or not with the experimental data given by these authors. 

A further verification can also be tried with their results of naphthalene 
in carbon tetrachloride and in carbon bisulphide, the association degrees 
and the field-constants of these solvents having been known, for whether 
the following conditions required by the theory are realized or not: 


)are the same values obtained above, are concordant 


constants 72 and ( 


(1) W. Herz and G. Scheliga, Z. anorg. allg. Chem., 169 (1928), 161. 
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(ka)naphthalene _ (ka)naphthalene - (ka)C.H, 
(ka)ccl, (ka)c,H, (ka)ccl, 


—_ (ka)naphthalene _ (ka)naphthalene - (ka)c,H, ' 
(ka)cs, (ka)C,H, (ka)cs, 


In these calculations it must be remembered that between a weight 
fraction z and a molar fraction z,, there exists a relation: 


1A-—z_ 1-%m M 
z zm M2 


, 


where M; and M: are the formal molecular weights of components 1 and 2 
respectively. So that 


(Sa) = (1—Z2m) (n—m) =( 2H) M: (ae — 1—2z)(n—n) . 
kya, em (m—n) kia, z M,’ kya, z 2(m—n) 


Table 5. 
Naphthalene in Benzene, 20°, 40° and 60°C. 


| 2 140 N60 
| 2-Solute eae SS ena NY 


obs. cale. obs. calc. 


0.0000 ' “ 0.00495 — | 0.00895 
0.0102 | 501 500 399 
0.0198 | 505 =: 06 401 
0.0403 | 514-515 408 





Kets) _ 9,488 x 18-08 _9 
(=a) 488 x 2 =0.247, and 


Table 6. 
Naphthalene in Toluene, 20°, 40° and 60°C. 


N20 No 
z-Solute Pee ae 
obs. cale. | obs. cale. 


0.0000 0.00584 _ 0.00468 
0.0103 591 590 | 474 
0.0200 | 596 595 | 478 
0.0392 | 608 607 487 
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kote 92.10 
ete _9 397 =0. witty | 
( iat) = x 9219 =0.271, and —m=0.02653 


Table 7. 
Naphthalene in Carbon Tetrachloride, 20° and 40°C. 


Nin 


z-Solute 





0.0000 
0.0104 
0.0209 
0.0412 1011 1012 








(= 1, S(ka)c, Bs =0 OAT x 1 ,- 153.8. 
kya; /z =| aan (ka)c,nJ2. | (ka)ccl, Jz 0.63 x 1.24. 78.08 


_— , and m=0.02653. 


Table 8. 


Naphthalene in Carbon Bisulphide, 20° and 40°C. 


2 No 
z -Solute PE 


obs. 





0.0000 
0.0102 
0.0201 
0.0391 














1. f(ka)c,H, | 1 76.14 
(@)- (ka)c, Ga,” \(ka)cs, J wanes 0.76 x 1.20 78.08 


=0.264, and m=0.02653. 


As seen from each table, fair agreement between the observed and 
calculated values is interesting. The most discrepancy among them is 
observed in the case of carbon bisulphide solutions. 

According to Thorpe and Rodger the viscosities at 20° and 40°C. of 
benzene, toluene, carbon tetrachloride and carbon bisulphide are 0. 00649, 





(1) T. E. Thorpe and J. W. Reiger, Phil. Trans., 185 (1894), 397. 
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0-00492; 0-00586, 0-00466; 0-00969, 0-00738; and 0-00367, 0-00319 respec- 
tively. Judging from these data in comparison with those obtained by 
Herz and Scheliga, the above discrepancy comes probably, in the writer’s 
opinion, from the purity of carbon bisulphide used by these authors. 


The Institute of Physical and Chemical Research, 
Tokyo. 


A NOTE ON NEGATIVE INDUCED REACTIONS. 
By Susumu MIYAMOTO. 


Received December 16, 1929. Published February 28, 1930. 


The rate of change of a chemical reaction may sometimes be greatly 
diminished in the presence of quite an independent chemical reaction, 
when they are carried out simultaneously in a same vessel. The phenome- 
non may probably be called negative induced reactions, corresponding to 
the term induced reactions, in the case of which a chemical reaction 
exhibits an accelerating action on quite an independent chemical reaction, 
whose reaction velocity is extremely small, when it is carried out separately. 

The simultaneous oxidations of the two substances, given in the follow- 
ing equations, by means of air were studied by the author and it was 
reported that the experimental results obtained can be explained as exam- 
ples of some kind of negative induced reactions. 


f O2+ 2Sn(OH)2+ 2H2O=2Sn(OH)s «2.2.2... cee ce eees (1) 
a (2) 

in sodium hydroxide,” or in sodium carbonate solution. 
{O2.+4Fe(OH)2.+2H,O=4Fe(OH)s .......0.ee eee eee (1) 
ee ee (2) 


in sodium hydroxide solution.” 


The primary reaction in A or B exhibits a great inhibiting action on 
the velocity of the secondary reaction. It was also confirmed by the 


(1) S. Miyamoto, this Bulletin, 2 (1927), 191; Scientific Papers of the Institute of Physical 
and Chemical Research, 7 (1927), 195. 

(2) S. Miyamoto, this Bulletin, 3 (1928), 95; Scientific Papers of the Institute of Physical 
and Chemical Research, 8 (1928), 237. 

(3) S. Miyamoto, this Bulletin, 4 (1929), 182; Scientific Papers of the Institute of Physical 
and Chemical Research, 11 (1929), 81. , 
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previous studies™ that each of these reactions proceeds almost at the same 
rate, when they are carried out separately under the conditions of the 
author’s investigations. 

The terms actor, inductor, and acceptor are usually employed for the 
specialization of the reacting substances contained in ordinary induced 
reactions. For the oxidizing or the reducing agent, which is common in 
both reactions, the term actor can also be employed in negative induced 
reactions. In the place of the term inductor, the term inhibitor may be 
employed in the case of negative induced reactions for the substance, which 
can easily react with the actor, when the two reactions are carried out 
simultaneously. The substance, the reaction velocity of which with the 
actor is greatly diminished in the presence of the primary reaction, may 
be called acceptor. 

In the cases, above described, oxygen may be called the actor, stan- 
nous hydroxide and ferrous hydroxide the inhibitors and sodium sulphite 
the acceptor respectively. 

Corresponding to the term induction factor, which is used for the value 
of the ratio of the amount of the actor reacting with the acceptor to the 
amount of the actor reacting with the inductor, the term inhibition factor 
may ke employed for the quantity, 


Aa. _ ed Aa 
Ai 


where A... is the amount of the actor reacting with the acceptor in the 

absence of the inhibitor, A, the amount of the actor reacting with the 

acceptor in the presence of the inhibitor, and A; the amount of the actor 
reacting with the inhibitor. 

W. D. Bancroft has given the following classification of induced 
reactions.” 

(1) The inductor displays a catalytic action on the secondary reaction. 

(2) The acceptor may react with a reduced stage of the actor. 

(8) The acceptor may react with an oxidized stage of the inductor. 

(4) The formation of a complex compound between the inductor and 

the acceptor. 

(5) Combinations of the cases (1), (2), (3) and (4). 

As for the classification of negative induced reactions, the following 
three cases were already described by the author® with examples. 

(1) S. Miyamoto, this Bulletin, 2 (1927), 74; 2 (1927), 155; 3 (1928), 76; 3 (1928), 137; 
Scientific Papers of the Institute of Physical and Chemical Research, 7 (1917), 40; 7 
(1927), 189; & (1928), 230; 9 (1928), 203. 

(2) W. D. Bancroft, J. Phys. Chem., 33 (1929), 1184. 


(3) S. Miyamoto, this Bulletin, 4 (1929), 133; Scientific Papers of the Institute of Physical 
and Chemical Research, 11 (1929), 82. 
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(1) The inhibitor displays a negative catalytic action on the secondary 
reaction. In this case the reaction velocity between the actor and the 
acceptor will be extremely small in the beginning, but it will gradually 
increase with time as the concentration of the inhibitor decreases. 

The simultaneous oxidation of stannous hydroxide and sodium sulphite 
in sodium hydroxide solution or sodium carbonate solution by means of air 
was found to be an example of this kind of negative induced reactions, as 
was already explained in the previous papers. 

(2) The reaction product of the inhibitor exhibits a negative catalytic 
action on the secondary reaction. In this case the velocity of the secondary 
reaction will be un-affected at the starting point in the presence of the 
primary reaction, but it will decrease rapidly with time as the concentration 
of the reaction product of the inhibitor increases. 

The simultaneous oxidation of ferrous hydroxide and sodium sulphite 
was found to be explained as an example of this type of negative induced 
reactions; ferric hydroxide, the reaction product of the inhibitor, acts as 
a negative catalyser on the oxidation velocity of sodium sulphide, the 
acceptor. 

(3) Both of the inhibitor and its reaction product act as negative 


catalysers on the secondary reaction. This type of negative induced 
reactions can be regarded as a special case of the type (7), which will be 
described later, and it will scarcely occur in the actual cases, as the nega- 
tive catalytic action should be regarded to depend upon the mutual specific 
nature of the two substances. 


As the possible kinds of negative induced reactions, the following three 
cases may probably be added to the types above described, although the 
examples are not yet obtained. 


(4) The reaction product of the actor of the primary reaction acts as a 
negative catalyser on the secondary reaction. It is quite clear that this 
case is only possible to occur, when the reaction product of the actor of the 
primary reaction is not the same as that of the secondary reaction, as the 
reaction product of the actor exhibits no inhibiting action on the velocity of 
the secondary reaction, when it is carried out separately. 

(5) The inhibitor reduces the oxidation product of the acceptor. This 
is a kind of consecutive reactions and the induced reaction of the type (3) of 
Bancroft’s classification may be regarded to be negative induced reaction of 
this type in special cases, if we consider the inductor as the acceptor and 
the acceptor as the inhibitor. 

(6) Formation of a complex compound between inhibitor and acceptor. 

(7) Combinations of the cases (1), (2), (4), (5) and (6). 
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The author has proposed, as a kind of possible mechanisms of catalysis, 
induced reactions” and negative induced reactions,” the process of the 
transference of active states. According to this idea, the transference of 
the active states of the molecules of the acceptor to the molecules of such 
substances as the inhibitor, the reaction product of the inhibitor and the 
reaction product of the actor of the primary reaction, may explain the 
mechanism of negative induced reactions of the types (1), (2) and (4), above 
described. 


Summary. 


(1) The possibility of the existence of negative induced reactions are 
described with examples, studied by the author. 

(2) The definition of the terms actor, inhibitor and acceptor are given 
in the case of negative induced reactions. 

(3) Corresponding to the term induction factor, the term inhibition 
factor was introduced in the case of negative induced reactions, although 
its value was not yet calculated in the actual cases. 

(4) A classification of negative induced reactions was proposed. The 
classification will be unable to be confirmed thoroughly by experimental 
facts, as the examples of negative induced reactions are very few. 


Laboratory of Physical Chemistry, 
Hiroshima University, Hiroshima. 


UEBER DIE AUFLOSUNGSGESCHWINDIGKEIT 
DER METALLE. 


Von M. TARLE. 
Eingegangen am 20. Dezember 1929. Ausgegeben am 28. Februar 1930. 


Ueber den Mechanismus der Auflésung unedler Metalle bestehen trotz 
mannigfacher Untersuchungen noch ziemliche Meinungsverschiedenheiten. 
Ein Uebersicht iiber die diesbeziiglichen Arbeiten befindet sich in den Ab- 
handlungen von Ericson-Auren und Palmaer, ® und Centnerszwer. 





a) S. Wieenshe Se ientific peo of the Institute of Physical ond Ch coteal Bopcarch, 4 
(1926), 259. 

(2) Loe. cit. 

(3) Z. physik. Chem., 39 (1902), 1; 45 (1903), 182. 

(4) Z. physik. Chem., 141 (1929), 297. 
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Die vorliegenden Versuche sind vor mehreren Jahren ausgefiihrt 
worden und hatten hauptsadchlich zum Ziele die Untersuchung des Zu- 
sammenhanges zwischen der Dissoziation der Sduren und der Auflésungs- 
geschwindigkeit. Der Apparat, in welchem die Versuche ausgefiihrt 
worden sind, bestand aus einem runden Kolben von ca. 250 c¢.c. Inhalt, mit 
einem breiten Hals, welcher einen eingeschliffenen Stépsel hatte. Durch 
diesen Stépsel gingen das Rohr, in welchem der Glasriihrer sass, und das 
Gasableitungsrohr. Der Kolben hatte ferner ein seitliches Rohr, ebenfalls 
mit eingeschliffenem Stépsel, durch welches die Zinkstiickchen hineinge- 
worfen wurden. Die Verbindungsstellen des Gasableitungsrohres und der 
Gasbiirette waren mit Quecksilber abgedichtet. Vor jedem Versuch musste 
durch die ganze Anordnung Wasserstoff durchgeleitet werden, weil das 
Gummifett, mit welchem der Riihrer und die Schliffe abgedichtet waren, 
betrachtliche Mengen Wasserstoff absorbierte, und da die sich entwickelnde 
Wasserstoffmenge gemessen wurde, konnte diese Absorption Fehler verur- 
sachen. 

Das Zink, mit welchem die Versuche ausgefiihrt worden sind, wurde in 
Stében von 5mm. Durchmesser bezogen und war chemisch rein. Die 
kleinen Zinkzylinder wurden glatt poliert, mit Schmirgelpapier abgerieben, 
mit Salzséure angeéitzt und schliesslich mit der Versuchslésung abgespiilt. 
Das verwendete Magnesium enthielt etwas Blei, Eisen und Kieselsdure 
(spurenweise). Es scheint, dass diese Beimischungen nicht viel schaden, 
da bei einem Versuch, wo Magnesium, mit Platindraht verbunden, ver- 
wendet wurde, d.h. wo die Bedingungen fiir die raiimliche Trennung der 
Bildung von Metall-, und der Entladung von Wasserstoffionen von vorn- 
herein gegeben sind, der Wasserstoff sich nicht am Platin, sondern am 
Magnesium abschied und ferner die Gegenwart von Platin keine erkennbare 
Vergrésserung der Auflésungsgeschwindigkeit verursacht. Uebrigens tritt, 
wenn 30-40% der Siiure verbraucht sind, auch am Platindraht eine Gasent- 
wicklung ein. 

Gertihrt wurde mit 300 Touren in der Minute. Das Auflésungsgefass 
befand sich im Thermostat bei 25°. Es wurden immer 100c.c. der Lésung 
angewendet. Alle Voluminadaten sind auf 760mm. und 20° reduziert. 
Da das Zink mit den schwachen Sauren ziemlich trage reagiert, wurde das 
Verhalten des Magnesium gegen Sduren verschiedener Dissoziations- 
konstanten untersucht. Die Auswahl der Séuren, welche ich gebrauchen 
konnte, war nicht gross, da dieselben im Wasser léslich sein miissen und 
durch Wasserstoff nicht reduziert werden diirfen. Aus diesen Griinden 
mussten z.B. die Versuche mit den Chloressigsiuren, Citronensdure, 
Adipinsaure ausfallen. Verwendet wurden 1: 2:5-Dioxybenzoesiure, beta- 
Resorcylsdure, Tricarballylsiure, Essigséiure und Salzsdéure. Diese Stoffe 
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geben eine gute Skala von Sduren mit verschiedenen Dissoziations- 
konstanten. Der kinetische Verlauf der Auflésung Jasst sich durch die 
bekannte Formel ausdriicken : 


Es bedeuten: ¢t=Zeit in Minuten, x=das entwickelte Wasserstoffvolumen 
in c.¢c., a=das Wasserstoffvolumen, welches durch die angewendete Saure- 
menge bei t=, entwickelt wird. 

Falls die menge der Séure im Verhdltniss zur Menge des sich lésenden 
Zinks im grossen Ueberschuss vorhanden ist, so bekommen wir 


dx 
dt 


was mit den Versuchen von Ericson-Aurén™ gut iibereinstimmt. 

Bei unseren Versuchen war die Menge des Metalls gross im Verhaltniss 
zu der Séuremenge. Dies hatte den Vorteil, dass die Grésse der Oberfliche 
des Metalls waihrend des Versuchs praktisch konstant blieb. 


=k; ’ 


Tabelle 1. 
Magnesium. 0.02 n. Salzséure. 


& 


K 


0.0127 
0.0131 
0.0125 
0.0126 
0.0127 
0.0125 
0.0128 


BO 8 oS othe 
ad nah oo at wel ot ey 
SAINnNwwows 


Mittelwert 0.0127 


Tabelle 2. 
Magnesium. 0.02 n. Tricarballylsdure. 


t x K 





10 
20 
40 
60 
80 
00 


1 


co 


(1) Z. anorg. Chem., 27 (1901), 209. 
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Tabelle 3. 


Magnesium. 0.02 n. 2:5-Dioxybenzoesdure. 


t x K 
20 3.4 0.00762 
40 6.4 0.00774 
60 8.9 0.00770 
80 11.0 0.00793 

100 12.8 0.00768 

120 14.5 0.00768 

150 16.7 0.00791 
fore) 24.04 - 

Tabelle 4. 


Magnesium. 0.02 n. 2:4—Dioxybenzoesaure. 





t x K 
20 er 2.5 0.00549 
40 4.6 0.00531 
60 6.5 0.00525 
80 8.3 0.00528 
100 9.7 0.00516 
120 11.0 0.00509 
160 13.3 0.00503 
200 15.4 0.00511 

co 24.04 — 
| Mittelwert 0.00518 





In der Tabelle 6 sind die Reaktionsgeschwindigkeitskonstanten und die 
entsprechenden Dissoziationskonstanten zusammengestellt. Wie wir sehen, 
gehen die Auflésungsgeschwindigkeitskonstanten den Diss.-konstanten 
parallel. Eine Proportionalitat besteht nicht. Die Dissoziationskonstante 
wichst viel schneller, als die Auflésungsgeschwindigkeit. 
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Tabelle 5. 
Magnesium. 0.02 n. Essigsdure. 








t x K 
20 2.3 0.00503 
40 4.1 0.00467 
60 5.8 0.00460 
80 7.3 0.00452 
100 8.6 0.00443 
120 9.8 0.00436 
160 12.0 0.00432 
200 14.8 0.00432 
300 17.5 0.00434 
co 24.04 — 
Mittelwert 0.00449 














_Tabelle 6. 
K Dissoziat.-konstante 
Salzsaure 0.0125 ? 
2:5-Dioxy benzoesaure 0.0077 0.00108 
2:4-Dioxybenzoesdure | 0.0051 0.000515 
Tricarballylsaure 0.0049 0.000220 
Essigsdure 0.0045 0.0000186 


Der Parallelismus besteht, aber, auch bei anderen Konzentrationen. 











Tabelle 7. 
; Auflésungsgeschwindigkeitskonstante 
Saure Konzentration pt 
— Oln. 0.05 n. 0.02n. | 
Salzsaéure | 0.0112 0.0114 0.0127 
Essigsdure 0.00405 0.00436 0.00449 


Tricarballylsdure 0.00436 0.00482 0.00493 
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Die Auflésungsgeschwindigkeit ist nicht unabhaingig von der Konzen- 
tration. Dies kann durch die Beeinflussung des Vorgangs durch das sich 
bildende Salz erklart werden. Auch der schwache Gang der Konstante, 
welcher in einigen Fallen (Tab. 2 und 5) auftritt, lasst sich durch diese 
Beeinflussung erkliren. Die Wirkung der Neutralsalze ist recht kompliziert 
und setzt sich aus verschiedenen Faktoren verschiedenen Vorzeichens zusam- 
men. Die wichtigsten Faktoren sind vermutlich: (1) Beeinflussung des 
Dissoziationszustandes der Saiire (2) Beeinflussung der Léslichkeit des sich 
bildenden Salzes (8) Auflésende Wirkung der Neutralsalzlésung. 

Die nachstehende Tabelle 10 giebt die Resultate der Versuche mit den 
Neutralsalzen wider. Um (bei den Versuchen mit Zink) die Induktions- 
periode auszuschliessen und die Reaktionsgeschwindigkeitsformel anwenden 
kénnen, wurde Zink, verbunden mit Platindraht aufgelést. Der Platindraht 
war 12 cm. lang, 2 mm. stark, als Spirale gebogen, hatte an einem Ende 
ein Gewinde und mittelst dessen wurde er in den Zinkzylinder fest einge- 
schraubt. Der Platindraht musste vor jedem Versuch mit Chromsdure 
gewaschen und frisch platiniert werden, wobei darauf zu achten war, dass 
das Platinieren immer dieselbe Zeit (1-2 Min.) dauerte. Das Zink wurde 
aus einer HgCl.-Lésung amalgamiert. Dass Amalgamieren hatte den Vor- 
teil, dass immer eine konstante und reine Zinkoberflache vorhanden war. 

Tabelle 8 zeigt die Anwendung der Formel (1) auf die Auflésung von 
Zink mit Platin, sowie von reinem Zink, nachdem das Maximum der Auf- 
lésungsgeschwindigkeit erreicht ist. 


Tabelle 8. 
0.1n. Salzsadure. 


Zink mit Pt. K Zink ohne Pt. 


Zeit c.c. Wasserstoff c.c. Wasserstofft 


10 4.2 0.00355 
50 18.9 0.00342 
35.2 0.00346 
47.1 0.00391 
58.5 0.00358 _ 

78.0 0.00349 0.00131 

91.1 0.00355 0.00124 

98.3 0.00341 0.00132 

103.3 0.00307 0.00140 

— - 0.00138 

_- _ . 0.00138 

- — 0.00129 
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Aehnliche Versuche mit Magnesium zeigten, dass der Wasserstoff sich 
nicht am Platin, sondern am Magnesium abshied und ferner die Gegenwart 
von Platin keine erkennbare Vergrésserung der Auflésungsgeschwindigkeit 
verursacht, wie die Tabelle 9 zeigt. 









Tabelle 9. 


0.1n. Salzsdure. 










Magnesium mit Pt. 
c.c. Wasserstoff | 


Magnesium ohne Pt. 
c.c. Wasserstoff 











5.0 
9.4 
26.1 
39.7 










5.2 
9.4 
26.0 
40.0 





















Nun zeigte es sich dass die Neutralsalze KCl, ZnCle und MgCle in den 
Konzentrationsbereich 0.1-0.7 n. beeinflussen die Auflésung der Zn-Pt 
Zylinders nicht wesentlich. Bei Magnesium ist der Einfluss von diesen und 
anderen Neutralsalzen viel starker. 







Tabelle 10. 
Magnesium. 






7 


—— . 






























Saure Salz K 
. — - | . | ) 
0.1n. HCl - 0.0112 i 
0 o | 0.1341 n. MgCl,* 0.0125 4 
‘. a 0.2682 n. MgCl. 0.0131 i 
0.1n. Essigsdure | O1n. Mg-acetat 0.00366 Ht 
r» - 0.2 n. ” 0.00326 tH 
a ws 0.2n. MgSO, 0.00416 J 
n ‘ 0.2n. Na,SO, 0.00454 | 
DS cae a | 0.2n. Na-acetat 0.00441 t 
| @.1n. H,SO, | - 0.0115 ' 
A i fl . 0.1341n. KCI 0.0143 
= " 0.1341 n. KBr 0.0164 
= 0.1341 n. KI 0.0148 

















* Die Lésung war in Bezug auf 1/2 MgCl, 0.1341 normal. 
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Die Anionen in Konzentration 0.1-0.2 n. wirken also in der Reihenfolge 
Br’>J’>Cl’>S0{/>CH;COO’. 

Der eigentiimlicher Einfluss des Br’ entspricht der stark beschleunig- 
ender Wirkung von HBr-sdure auf die Auflésung des Zinks, welche von 
Spring und Aubel beobachtet wurde. 

Zur Zeit sind die Neutralsalzeffekte noch nicht hinreichend aufgeklart 
als dass schon eine bestimmte Vorstellung iiber den Mechanismus der 
Auflésung entwickelt werden kénnen. Auch die Versuche von W. Wittand® 
iiber den Einfluss von Saéureanionen auf die Lésungsgeschwindigkeit des 
Aluminiums lassen sich vorlaufig nicht in einer eindeutiger Weise erklaren. 
Es ist, aber, unzweifelhaft dass eine gewisse Analogie zwischen den Einfluss 
der Neutralsalze auf die Auflésung der Metalle einerseits, und auf die 
Léslichkeit der Metallhydroxyde anderseits, vorhanden ist. Die Auflésung 
von Metallen in Neutralsalzlésungen verlauft vermutlich in zwei Stufen. 
Das Metall reagiert zunadchst mit Wasser, indem eine Hydroxydschicht sich 
auf seiner Oberflaiche bildet ; hiernach wird das gebildete Hydroxyd durch 
die Neutralsalzwirkung weggelést. Es scheint nicht ausgeschlossen zu sein, 
dass d‘eselbe Auffassung auch auf andere Faille (z.B. Auflésung von Alumi- 
nium und Zink in Alkalilésungen) ausgedehnt werden kénnte. 


Mandschurisches Arsenal, 
Mukden, China. 


BIOCHEMICAL STUDIES ON RICE STARCH. I. 
THE CHEMICAL CHANGES OF THE STARCH DURING THE 
GERMINATION OF RICE IN DARKNESS. 


By Wei Sun TAO. 
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The rice which is the chief food stuff of the Orient, is widely planted 
and regarded as one of the most important plants in the East. 

In the cultivation of rice, the grains are usually germinated in spring, 
after flowering and ripening, the crops are harvested in autumn. The 
physiological development during the germination of the grain greatly 
arouses our interest, especially from the biochemical point of view. Accord- 
ing to the authorities, the requirements for germination are sufficient water 
and a suitable temperature; under these conditions the embryo absorbs 
water and swells as other grains do, and the shoot and root sprout out 


(1) Z. physik. Chem., 1 (1887), 477. 
(2) M. Centnerswer, Z. Elektrochem., 35 (1929), 695. 
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through the crack of the hull. The temperature at which the grains are 
germinated, is said to be an optimum at 30°-35°C., while 10°C. to 13°C., 
and 40°C. are the lowest and highest limits.” Under the most favourable 
conditions the germination of rice becames externally evident after about 
two days. But the chemical changes which take place in the substance of 
the kernel during this process, have not yet been investigated. 

The germination of other seeds was studied by many investigators 
from the point of view of plant physiology, and the results arrived at 
were summarized in the elaborate work ‘‘ Vergleichende Physiologie des 
Keimungsprocesses der Samen (1880)’’ by W. Detmer. M. Berthelot’s® 
investigations on this subject were carried out in collaboration with M. 
Andre during the periods 1883-1885, 1893-1896, following the investigations 
of M. Boussingault & A. Miintz. 

According to these investigations, the germination of seeds in dark- 
ness, which is distinct from the vegetation of plants growing in light, it 
was regarded that the stored substances alone were utilized, while in the 
latter case the transformation of the reserve materials was usually accom- 
panied by the assimilation which results in the formation of new substances 
from the carbon dioxide and water in the atmosphere. 

The chemical processes of germination are, therefore, not identical 
in different kinds of seeds as already indicated by Palladin® and they 
depend largely upon the chemical nature of the reserve materials; the loss 
of weight in starchy seeds such as maize and barley, during germination 
was explained as occurring through loss of carbohydrates. The chemical 
transformation of the starch in barley in the process was precisely in- 
vestigated by H. T. Brown & H. Morris, estimating the products in the 
plant tissues by the method recommended by O’Sullivan,™ and stated in 
their classical work: ‘‘ Researches on the germination of some of the 
Gramineoe’’ that the starch reserved in the embryo was converted into 
transitory starch by the hydrolytic enzymes accumulated in the germinated 
seeds, which by the same agency was converted into simpler sugars. 
Moreover, they noticed the formation of sucrose in the barley embryo 
together with the production of maltose, dextrose and laevulose, which was 
previously observed by O’Sullivan in his experimental research on barley- 
malt. 








(1) M. Akemine, Landw. Z., 63 (1914), 78; and refer, I. Nagai, ‘‘ Cultivation of Rice in 
Japan”’ (1925, Japanese), 378. 

(2) M. Berthelot, ‘‘ Chimie vegetable et Agricole,’’ II (1899), 7-371. 

(3) M. Boussingault, ‘‘ Agronomie, Chimie Agricole et Pliysiologie,’’ V (1874), 50. 

(4) B. E. Livingston, ‘‘ Palladin’s plant physiology,’’ (1917), 175. 

(5) J. Chem. Soc., 45 (1884), 1. 

(6) J. Chem. Soc., 57 (1890), 458. 
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O’Sullivan has stated that the maltose is derived from the starch which 
unquestionably disappears during germination, but he gave no opinion as 
to the origin of the cane-sugar and its products of inversion. 


Brown & Morris have, however, offered the suggestion for the origin 
of the sugar that the transformed starch is absorbed from the endosperm 
by the columnar epithelium of the embryo in the form of maltose which is 
by the more or less complicated metabolic processes of the living cells of 
the embryo rapidly converted into cane-sugar, and they have demonstrated 
the suggestion in a very striking manner, showing the ability of the grow- 
ing tissue of the embryo to convert maltose into cane-sugar. 

If this view is correct, we have still some difficulty in explaining in 
what manner the maltose is converted into sucrose. 

However, there is no question as to the intimate connection between 
cane-sugar and starch in seeds which has been known to exist, but no 
chemist has made any statement concerning the conditions under which the 
conversion of starch into sucrose takes place. 


The writer, therefore, has taken it on herself to investigate the 
chemical changes which may be expected to take place in the reserve 
starch during the germination of the rice in darkness. 


I. The Germination of the Rice at 20°C. 


Preparation of Materials. The seeds used in this experiments were 
called Asahi, produced in Zeze, near Otsu 1928 and harvested in that year 
and stored carefully in a straw rice-bag in our laboratory. 

The grains were ground in a stone mill in the laboratory, and the 
resulting flour was sifted through a a's cm. sq. mesh sieve. 

The rice seedlings were prepared by steeping the seeds in distilled 
water for two days at room temperature until they had absorbed about 50 
per cent in weight of moisture, and were left to germinate for seven days 
at 20°C. in darkness. After germination had proceeded to the extent that 
the shoots were half an inch long, they were dried in an air current at 
room temperature, and ground in a stone mill until all of them were sifted 
through a 3's cm. sq. mesh sieve. 


Proximate Analysis. The content of moisture, the total reducing 
sugar, the soluble starch, (or soluble polysaccharide), starch, cellulose, 
pentosan (hemicellulose), the total nitrogen, the total fat and ash of each 
sample werd determined in the following ways, and the results are shown 
in the table, both seeds and seedlings having a mean weight of 100 grains. 
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1. Moisture. 2 to 3 grams of each sample were dried at 105°C. in an 
air bath to a constant weight, the loss of weight being designated as the 
moisture content. 


2. Alcohol Extract. An 80% solution of alcohol was added to 2 to 
3 gr. of each sample, and allowed to stand overnight and then heated at 
70°C. in a water-bath for four hours, filtered, washed, and this process was 
repeated till the washings contained no more reducing sugar. The filtrate 
and washings combined together and concentrated under diminished pres- 
sure to a small volume, which brought down the final volume to 100 c.c. 


(a) Total Reducing Sugars. Of 50c.c. of the solution, the total 
reducing sugar was estimated by determining the reducing power of the 
solution and calculated as d-glucose on an ash and moisture free basis. 


(b) Soluble Polysaccharides. After 50c.c. of the extract above men- 
tioned was heated with a 3 % sulphuric acid solution on a direct flame for 
3 hours, diluted to 100c.c., neutralized with sodium carbonate and filtered. 
The reducing sugars in this filtrate were estimated by determining the 
reducing power of Fehling’s solution and calculated as d-glucose on an 
ash and moisture free basis. The difference between the content of the 
reducing sugars in the solution after and before the hydrolysis was 


designated as a soluble polysaccharide. 


3. Starch. About 0.2 to 0.4 gram of the sample which might be 
expected to contain reducing sugar, soluble polysaccharide and starch were 
heated to hydrolyse the starch and polysaccharides into d-glucose by using 
50 c.c. of 3 % sulphuric acid for 4 hours on a direct flame. The acid solution 
was diluted to exactly 100 c¢.c., neutralized with sodium carbonate and 
filtered, The content of reducing sugars in the filtrate was estimated in 
the usual way, from which the content of reducing sugars and soluble 
polysaccharides was subtracted and the remainder was assumed to be the 
starch-content. 


4. Pentosans. The presence of pentosans in the seeds and seedlings 
was confirmed by transforming them into furfural; for the estimation of 
the sugar 1 to 2 grams of the sample were subjected to distillation with 
12 % HCl, and the content of furfural distilled was determined by means of 
phloroglucin. 


5. Cellulose. The amount of cellulose was determined by the method 
of Cross and Bevan. 


6. Total Fat. The content of the fat in the samples was determined 
by the usual way by extracting it with petroleum ether. 
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7. Total Nitrogen and Protein. The total nitrogen of 0.1 to 0.2 gr. 
of the sample was estimated by Kjeldahl’s method, and the protein content 
in the samples was calculated by multiplying 6.25 with the total nitrogen 
content. 


8. Total Ash. The samples were ignited carefully at a low tempera- 
ture and the crude ash, thus obtained, was dissolved in water, filtered, and 
the residue was heated in an electric furnace to a constant weight. The 
filtrate was dried in a water-bath, and then to constant weight at 105°C. 
The two ashes combined together were designated as the total ash content. 

The analytical results of the seeds and seedlings are shown in the 
following table: 


Gain or loss 





Seeds | Seedlings during germn. 
Dry wt. of 100 grains 3.1 gr. | 23 gr. | 8 gr. 
Ash .136 | -098 -038 
| Total nitrogen .039 -031 .008 
Fat -066 -042 —.024 
| Protein .255 .200 .055 
Reducing sugars 0 -088 }+-.088 
Soluble polysaccharides 048 220 +-.172 
Starch 2.184 | 1.284 950 
Cellulose |, «218 | 224 +.011 
Pentosan 162 | 123 — .039 


In the above table, the content of fat, protein, reducing sugar, soluble 
polysaccharides, starch, cellulose and pentosan was calculated on a moisture 
and ash free basis. 


Discussion. 


As will be seen by the results shown in the above table, the loss of 
weight occurs during the germination of rice seeds as other investigators 
have already observed in experiments on the germination of other seeds, 
due to the transformation of the reserve starch into other substances while 
the amount of total fat remains almost unchanged. 

As a matter of fact, 0.950 gr. of starch were lost per 100 grains of 
rice seeds on the one hand, and on the other 0.260 gr. of soluble sugars 
calculated as d-glucose were found to be formed during germination, and 
accordingly 0.716 gr. of the starch had disappeared from the seeds; in 
other words, they are consumed by being converted into carbon dioxide 
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and water for the germination. Thus, the fate of the starch in the seeds 
during germination would be considered in the following manner; one part 
of starch was transformed by hydrolysis into soluble polysaccharides and 
simple sugars of unknown nature, and one part of the sugars was then 
decomposed by oxidation into carbon dioxide and water, similar to the 
function of respiration. 


+H20 +O 
(CeHwOsn —> CeHeOs —- CO2+H,0. 


The energy liberated in these transformations of starch was evidently 
utilized for the germination of the seeds. The main source of the energy 
would be supplied by the complete combustion of the simple sugar molecule 
in the plant tissues since the heat of formation of both the soluble polysac- 
charides and the simple sugars would be negligibly small compared with 
that of the combustion of the sugar molecule, as will be seen in the follow- 
ing equations : 

CeH1206+6 O2=6 CO2+6 H20+674,000 cal. 
CywH2014+12 O2=12 CO2+10 H.O + 1,350,000 eal. 


CeHwOs + H:0 = CegH Ce + 5,900 cal. 


Thus, the energy which was required for the germination of one grain 
was estimated approximately from the quantity of diminished starch based 
on the assumption stated above to be 3000 cal. 

July, 1928. Laboratory of Organic- & Bio-Chemistry, 

Kyoto Imperial University. 
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In the previous experiment, the chemical changes of rice starch during 
germination were studied. In the experiment, the germination of seeds 
was operated at 20°C. In practice, however, the most favorable tem- 
perature for the germination is said to be 35°C. for the purpose of obtaining 
strong and healthy seedlings. 
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So the writer now has studied further, the germination of seeds under 
different temperatures, viz., 20°C., 35°C. and 40°C. in order to observe the 
temperature effects on the chemical transformations of starch during the 
process. 

The rice seeds were soaked in water for 2 days and allowed to germinate 
in darkness at the different temperatures above-mentioned, till the shoots 
were half an inch long. Then they were dried in an air current at room 
temperature and ground in a stone mill. The content of moisture, reducing 
sugars, soluble polysaccharides and starch was determined by the usual 
methods and the results are shown in the following table: 


Table 1. 


Soluble 

poly- Starch 
sacch. % 
gr. - % | 


l 
Dry wt. | | Loss in 


| Germi- per | Reducing 
| nated at 100 grains Loss | om 


3.1 1.6 


20°¢ 
Seedlings {| 35°C. 


40°C. 








As will be seen in the above table, the weight loss was most noticeable 
in the seedlings, the loss differing with the temperature of germination, and 
greater at 35°C. than at either 20°C. or 40°C. When the chemical constitu- 
ents of seeds and seedlings were compared, the content of simrle sugars 
and soluble polysaccharides in the seedlings of the three cases was all found 
to have increased inversely to the decrease of the starch-content. The loss 
of starch among the seedlings was greatest in the seedlings germinating at 
35°C., while the loss among those germinating at 40°C. and at 20°C. is quite 
regular. 

The fact that the proportion of soluble polysaccharides and reducing 
sugars in seedlings which germinated under different temperatures is not 
the same, indicates that the hydrolysis of starch into sugars in seedlings 
depends greatly upon the surrounding conditions, especially the temperature 
under which the seeds were germinated. The formation of reducing sugars 
and soluble polysaccharides from starch is favonrable at 20°C., while the 
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inversion of polysaccharides into simple reducing sugars is comparatively 
great at 40°C. 

In order to learn the chemical nature of the sugars which occur in 
seedlings, by the transformation of starch during the germination, the 
separation and identification of these sugars, if possible, were undertaken. 


About 500 grams of the rice seedlings ground in a stone mill, were 
steeped in 80% alcohol for about 12 hours then diluted with distilled water 
to make a 50% alcohol solution, and heated in a water bath at 70°C. for 
5 hours with occasional stirring. After cooling, it was filtered and the 
residue was again treated with 50% alcohol in a water bath. This process 
was repeated 5 or 6 times till the filtrate contained no more reducing sugar. 
The extracts and washings were combined together and then concentrated 
under diminished pressure to small volume, and a sufficent quantity of basic 
lead acetate was added, the precipitate thus formed was filtered off and to 
the filtrate hydrogen sulphide gas was passed to remove the excess of lead 
in the solution. After filtering off the lead sulphide, the solution was 
concent: ated to small volume and alcohol was added to make an 80% alcohol 
solution. The precipitate (A) thus formed was separated by decantation, 
dissolved again in a little water, and reprecipitated with an 8026 alcohol 
solution, washed with absolute alcohol and ether, and dried in a desiccator 
over sulphuric acid. 

The clear decanted liquid and the washings were combined together and 
concentrated to small volume under reduced pressure and the precipitate (B) 
was obtained by means of a 90% alcohol solution. 

The filtrate separated from the precipitate (B), was evaporated to a 
thick syrup, absolute aleohol was added, on which the precipitate (C) was 
formed, and this was washed with ether and dried in a desiccator. 

The alcoholic filtrate was evaporated to a syrup in vacuo, dissolved in 
methyl alcohol and ether was added to form the precipitate (D). Thus, the 
soluble dextrins, mono- and poly-saccharides, which occur in the seedlings, 
were extracted and separated approximately by fractional precipitation into 
the four crops of the following properties : 

The first precipitate (A) or the 80% alcohol precipitate was a lustrous 
white powder, easily soluble in cold water. The second precipitate (B) or 
the 90% alcohol precipitate was a slightly yellowish white powder, easily 
soluble in cold water. Both the third precipitate (C) or the absolute alcohol 
precipitate, and the fourth precipitate (D) or the ether precipitate was a 
light yellowish powder with a sweet taste, and easily soluble in cold water. 

Of these crops, the rotatory power and reducing power of the aqueous 
solution were determined on the one hand, and on the other the colour 





72 Wei Sun Tao. 


reaction with iodine, the ketose test and the formation of osazone with 
phenyl hydrazine were studied, and the experimental results are shown in 
the accompanying table: 


Table 2. 


. ‘ , | Iodine | Pinoff’s | Osazone 
| Germinated at («)p R.?. | tent | reer Sent 


20°C. | 168-164 | 465 |Red Brown 
35 | 173 | E zs | 
40 





| 
| 
| 
} 





Malto- and 
gluco-osazones 


Malto- and 
gluco-osazones. 




















As will be seen in the above table, the first precipitate (A) from three 
cases, seem to consist equally of a mixture of dextrins which usually can be 
obtained from starch by hydrolysis with acids or diastase. The second of 
the precipitates (B) were ascertained from their properties to consist of 
dextrin with some maltose, the proportion of the latter in the precipitate 
was increased with the germinating temperature. The third and fourth 
precipitates (C & D) were supposed to consist mostly of simple sugars with 
some maltose. To our interest, these two precipitates in each case, contain 
some cane sugar its occurrence being indicated by the rotatory power and 
reducing power and also the Pinoff test. According to the literature, 
Kuhneman has isolated sucrose from germinated barley and the same sugar 
was also confirmed by O’Sullivan and Brown & Morris to occur in the same 
germinating seeds, though the mechanism for the formation of the sugar 
was obscure. As a matter of fact, the content of sucrose was rich in the 
seedlings at 20°C. among three cases, glucose and fructose were predomi- 
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nant in the other cases which germinated at the highest temperature, and 
the formation of the disaccharide such as maltose was favoured at the 
middle temperature, 35°C. 

According to Brown & Morris, the growing tissues of the barley embryo 
has the ability to convert maltose into cane-sugar but not glucose into 
sucrose. It seems, therefore, that maltose formed by the action of the 
hydrolytic enzymes from starch, will convert into sucrose by the intramole- 
cular transformation on the one hand, and on the other, into glucose and 
fructose by inversion, and the former reaction is favoured at the lower tem- 
perature, and at the higher the latter reaction prevails. 


In closing the writer would like to express her hearty thanks to Prof. 
Kematsu of Kyoto Imperial University, for these experiments were per- 
formed under his kind direction and never-failing encouragement. 


October, 1929. Laboratory of Organic- & Bio-Chemistry, 
Kyoto Imperial University. 
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In the 12th communication of this study, one of the authors (K.G.) 
has reported the formation of sinomenine hydrate by heating the latter 
with 2n. hydrochloric acid. The assumption of a semiacetal constitution 
of this hydrate was there supported with several facts. 

As this formation of sinomenine hydrate is, however, rather remark- 
able, it is desirable to repeat the same reaction with other phenanthrene 
alkaloid and enforce the author’s conception. Thebainone may seem at 
first sight to be fitted for the purpose, but actually it is not, since its 
preparation involves the heating with conc. hydrochloric acid at 100°C. It 
seems, therefore, that there is no other easily accessible alkaloid than 
bromo-sinomenine in this respect. That the bromo-sinomenine has exactly 
the same constitution with sinomenine, except one bromine atom at Ci, was 
indirectly proved by its catalytic reduction by K. Goto and T. Nakamura.” 
The action of hot dilute hydrochloric acid was, therefore, proved on bromo- 
sinomenine. The results of the experiment were, however, somewhat 
different from those with sinomenine. The easily crystallizable substance 


(1) Goto and Sudzuki, this Bulletin, 4 (1929), 244. 
(2) This Bulletin, 4 (1929), 195. 
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from bromo-sinomenine, when the latter was heated two hours with 2n. 
hydrochloric acid, was not bromo-sinomenine hydrate, but bromo-sinomeni- 
none itself. It has the molecular formula C;sH;NO.Br, one methoxy] group 
and two ketone groups, forming a dioxime and a dis«micarbazone. That this 
bromo-sinomeninone must be corresponding to the sinomeninone, which 
would be formed by the hydrolysis of the semi-acetal group of sinomenine 
hydrate or the hydrolysis of the dioxime of sinomenine hydrate (though 
these reactions are not yet realised), is proved by the fact that the dioxime 
of the sinomenine ‘hydrate gave on bromination the same bromo-sinomeni- 
none dioxime as obtained from bromo-sinomeninone. 

When bromo-sinomeninone was treated with 7n. ammonia, it did not 
gave the expected condensation product, but a monomolecular imine 
CisHaN2O0;Br. That here we treat actually an imine is shown from the 
following two facts. First, this bromo-sinomeninone imine is easily 
hydrolyzed by caustic alkali on its imino-group and gives bromo-sinomeni- 
none and ammonia in a nearly quantitative yield. Secondly, the oxime of 
bromo-sinomeninone imine is easily attacked even by sodium carbonate and 
gave bromo-sinomeninone monoxime. This monoxime could be turned into 
the above bromo-sinomeninone dioxime by treating again with hydroxyl- 
amine. 

‘he properties of the bromo-sinomeninone and its imine are summarised 
in the following table and the relation of these substances are shown in the 
annexed diagrams. 


Table 1. 
Bromo-sinomeninone Bromo-sinomeninone imine 


Yield | 50~70% 50° 
Crystal form long prisms short prisms 
M.p. 227° 208° 

[«Ip +54,52° +110.19° 

M.p. of oxime 189° (dioxime) 208° (monoxime) 
M.p. of iodomethylate 244°~246° not yet crystallized 
Methoxyls one one 

FeCl, - reaction violet (in alc.) weak (in alc.) 
Diazo — reaction (+1,000,000th dil.)* +50,000th dil. 
K;Fe(CN), — reaction no no 


Formaline - SO,H, | yellowish brown yellowish brown 


* This strong diazo-reaction may be due to the two methylene groups, vicinal to the 
1, 2-diketone. 
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Experimental. 


Bromo-sinomeninone (I)—Bromo-sinomenine bromohydrate (20 gr.) is 
heated with 2 n. HCl (200 c.c.) in a steam-bath for two hours. It is precipi- 
tated with sodium carbonate and extracted with chloroform. The bromo- 
sinomeninone can be recrystallised from methyl alcohol in long prisms. 
M.p. 227° (dec.). Yield 50%. From the free base of bromosinomenine the 
substance was obtained in a somewhat better yield (70%). For the pro- 
perties, see the Table 1. 


(1) Mutual position of the ketone and imine groups is not yet determined. 
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Anal. Found: C=54.71; H=5.52; N=3.20; Br=19.62; Methoxyl=7.90%. Cale. for 
C,sH2NO,Br=391: C=54.82; H=5.55; N=3.28; Br=20.30; CH,;0-—=7.87%. 

Sp. rotatory power. 0.2421 gr. subst. was dissolved into 10c.c. alcoholic solution. 
l=ldm; «=+1.32°. [a}§=-+54.52°. 


Iodomethylate. Recrystallised from water; m.p. 244~246°; yield 50% 
(Found [=23.23% ; Cale. I=23.69%). 

Semicarbazone. Recrystallised from acetone. It decomposes at 118°, 
sintering at 98°. Yield not good. (Found: N=18.01%; Calc. for disemi- 
carbazone: N=19.292). 

Dioxime. Prepared in ordinary way and extracted with ether, after 
the precipitate was dissolved in methyl alcohol and water. Beautiful 
prisms. M.p. 189° (dec.) Yield good. (Found: N=9.33%. Cale. for 
dioxime: N=9.91%). 


Bromination of Sinomenine Hydrate Dioxime (IV). Sinomenine 
hydrate dioxime (1 gr.), dissolved in glacial acetic acid (20 c.c.) is brominated 
by bromine (0.5 gr.) in glacial acetic acid (5 c.c.) at the freezing point of the 
solvent. After being made alkaline with sodium carbonate solution, it is 
extracted with chloroform and obtained in crystals, when methy] alcohol is 
added to the residue of the chloroform evaporation. Yield almost quantita- 
tive. M.p. 189° (dec.) Admixture with bromo-sinomeninone dioxime did 
not lower the m.p. 


Bromo-sinomeninone Imide (II). Bromo-sinomeninone (1 gr.) is dis- 
solved in 1% hydrochloric Acid (10c.c.) and added with conc. ammonia 
(10 ¢c.c.; d=0.9). After standing overnight, the precipitate is collected and 
dissolved in chloroform. It crystallises out in prisms, when methy] alcohol 
is added to the residue of the chloroform evaporation. Yield 50%. It 
darkes at 228°, sinters at 233°, but does not melt completely until 300°. 
For the properties, see Table 1. 

Anal. Found: C=54.83; H=5.45; N=7.05, 7.19; Br=20.16; Methoxyl=8.01%. Cale. 
for Cy,H»,N.O;Br=393: C=54.96 ; H=5.34; N=7.11; Br=20.35; CH,O —-=7.89%. 

Sp. rotatory power. 0.3158 gr. subst. was dissolved into 10c.c. chloroform solution. 
l=1ldm; 2=+38.48. [a}6=+110.9°. 

Mol. wt. Found (in glacial acetic acid): 244. (Remarkably low value is perhaps due 
to the partial decomposition of the imino-group). 


Oxime (III). Prepared in ordinary way, and extracted without the use 
of sodium carbonate, i.e. methyl alcohol is added to the reaction mixture 
just enough to dissolve the precipitate and is shaken with ether several 
times, until the oxime crystallises out in colourless prisms. It sinters at 
208°, but does not decomposes until 300°. (Found: N=10.23%%. Cale. for 
CysHa2N3O0sBr : N=10.29%). 
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In the above reaction, when sodium carbonate is used to precipitate the 
oxime, sometimes bromo-sinomeninone dioxime, and sometimes bromo- 
sinomeninone monoxime is obtained, according to the conditions. Dioxime 
obtained in this case is quite identical with that obtained from bromo- 
sinomeninone directly. The mixed melting point remained unaltered. 
(Found: N=9.49%. Cale. for dioxime: N=9.88%). 

Monoxime is long needles and melts at 199°, sintering first at 191°. 
(Found: N=7.59, 7.40%. Cale. for monoxime: N=6.83%). 


Hydrolysis of Bromo-sinomeninone Imine. Bromo-sinomeninone 
imine is easily hydrolysed on its imino-group by warm caustic soda (10%), 
and bromo-sinomeninone is recovered in an almost quantitative yield by 
extracting with ether. By micro-Kjeldahl, the ammonia was determined 
up to 80% in this reaction. 


Department of Chemotherapy, 
Kitasato Institute, Tokyo. 








